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Gd2Ti2O7 和 Lu2Ti2O7 多晶圆片，进而对这些陶瓷圆片进行常温和高温（450℃）
辐照，辐照离子为 600 keV Kr3+，离子通量分别为 4×1015 ions/m2 和 1.45×1016 
ions/m
2。然后用掠入射 X 射线衍射 GIXRD（入射角度为 0.1o ~ 3o）和横截面透
射电镜（XTEM）观察到了圆片受辐照后的微观结构变化。实验结果显示，常温
下辐照的 Lu2Ti2O7 样品发生了明显的非晶相变，而在高温下非晶现象消失。另外，





比 Lu2Ti2O7 陶瓷材料更容易非晶。 






















Crystalline oxides with structures related to fluorite（CaF2） have become 
potential candidate ceramics that can be used in nuclear waste immobilization, fission 
reactor and future fusion reactor. One of the important fluorite derivatives is the 
crystal with formula A2Ti2O7. The ability of their irradiation resistance has been 
studied for a long time, and they have exhibited different radiation-induced 
microstructure transformations under various irradiation conditions. 
This project studies the preparation method and ion irradiation effects of these 
fluorite derivatives of A2Ti2O7 , and mainly explains the mechanism of 
radiation-induced amorphization, to better understand their ability of irradiation 
resistance. We synthesized many ceramic pellets of Gd2Ti2O7 and Lu2Ti2O7 by using 
conventional ceramic processing. Then these ceramic pellets were irradiated with 600 
keV Kr
3+








 at room 
temperature and high temperature (450 ℃ ), respectively. Irradiation-induced 
microstructural evolution in the pellets was observed by using grazing incidence 




 and cross-sectional transmission 
electron microscope (TEM). It was found that the irradiated Lu2Ti2O7 layer undergoes 
significant radiation-induced amorphization at room temperature, and no 
amorphization at 450℃. In addition, nanocrystals were observed in the irradiated 




 at room temperature. 
We present here a detailed discussion based on the following three aspects: (1) 
ion fluences effects. The experimental results showed that the fracts of 
radiation-induced amorphization increased with the increased ion fluences in 
Lu2Ti2O7 samples; (2) temperature effects. The irradiated samples experienced a 
significant radiation-induced amorphization transformation at room temperature , 
whereas no amorphization at 450℃; (3) ionic radius ratio effects. The irradiated 
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每年满功率运行产生的放射性固体废物约为 600 立方米，那么按照 2020 年核电































    那么，如何处理这些高放废物呢？主要有两种策略[6,9~11]：（1）将这些废物重
新返回反应堆进行燃烧发电。该方法涉及到核燃料的后处理与再制造，之后可以






































讨[17]。J. Lian 等人对 La2Zr2O7 和 Ce2Zr2O7 等烧绿石结构的阴阳离子无序到有序
转变进行了研究，结果显示，阴离子无序会促进阳离子无序，另外还研究 Gd2Ti2O7
的辐照非晶现象[18~19] 。M.J.D. Rushton 等人对烧绿石结构的辐照诱发缺陷的形成
过程进行了计算机模拟[20] 。Y.H. Li 等人研究了 Lu2Ti2O7、Gd2Ti2O7 等稀土烧绿
石在液氮温度下的辐照效应，包括晶格体积随辐照剂量增加而发生肿胀，当剂量
高到一定程度，这些烧绿石结构的材料开始发生非晶结构转变 [21~24] 。为了进行




    高放废物中含有的主要放射性核素是裂变产物（如 Cs-137、Sr-90 和 Tc-99
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